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Significance of p53 and ki‑67 expression in prostate cancer
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INTRODUCTION

Prostate cancer is the second most frequently diagnosed cancer 
and the fifth leading cause of  cancer death in males.[1] Incidence 
increases from 20% in men in their fifties to approximately 

70% in men between the age of  70 and 80 years.[2] Prostate 
cancer is not only significant for its lethality but also for the 
extremely high morbidity associated with it.

Nowadays, more patients are diagnosed at earlier stages, due 
to increased availability of  prostatic‑specific antigen (PSA) 
measurement and other diagnostic methods. With delay in 
diagnosis of  the low‑grade tumor, the quality or length of  
patient’s life is not significantly changed, but a high‑grade tumor 
in a young person might spread quickly and lead to the patient’s 
death within 2 years. The absence of  prognostic information 
has also led to significant “overtreatment” of  patients who 
would otherwise require only conservative management. 

Background: Prostate cancer is a major health problem throughout the developed world. Tumor grade is 
one of the most important prognostic factors of prostate cancer. At present, adequate prognostic markers 
for prostate cancer progression are still lacking, in spite of intensive investigation. Accordingly, we studied 
the role of immunohistochemical (IHC) expression of p53 and Ki-67 as a prognostic factor in carcinoma 
prostate and correlated their expression with Gleason’s grade.
Materials and Methods: In this prospective study, a total of 60 cases including 50 cases of prostate carcinoma 
and 10 of benign prostatic hyperplasia (BPH) were taken. Tumor grade was determined according to Gleason’s 
grading system. p53 and Ki-67 expressions were determined by IHC staining. The obtained results were 
analyzed and evaluated using Spearman’s statistical test (SPSS version 20).
Results: In BPH, p53 was expressed in only 2 of 10 (20%) cases while in carcinoma it was expressed in 38 
of 50 (76%) cases. Ki-67 was expressed in only 1 of 10 (10%) BPH cases while in carcinoma it was expressed 
in 32 of 50 (64%) cases. In present study, 1 of 4 (25%) well differentiated, 23 of 31 (74.19%) moderately 
differentiated and 14 of 15 (93.33%) poorly differentiated tumors revealed p53 immunopositivity and 
a statistically significant correlation was observed between p53 expression and increased Gleason’s 
grade (P = 0.038). All 4 (100%) cases of well-differentiated carcinoma were negative for Ki-67 expression. 
Nineteen of 31 (61.29%) moderately differentiated and 13 of 15 (86.66%) poorly differentiated tumors were 
positive for Ki-67 and a statistically significant correlation was observed between Ki-67 positivity and 
increased Gleason’s grade (P = 0.002).
Conclusions: Both p53 and Ki-67 were significantly up-regulated in malignant lesions as compared to benign 
lesions and a strong relationship with the Gleason’s grading was noticed, therefore, we propose that these 
markers can be applied along with other prostate cancer prognostic factors.
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Therefore, much research has been dedicated to identifying 
prognostic factors that distinguish indolent versus aggressive 
forms of  prostate cancer.[3]

Prognostic factors are divided into clinical and biological 
groups. Clinical factors are obtained using blood tests, 
radiological and microscopic evaluation of  biopsies. Biological 
factors are other categories of  prognostic factors.[4] Grade and 
stage, the traditional prognostic markers, are useful, but for 
individual patients, it is difficult to predict the outcome. With 
recent advances in molecular biology, the concept of  oncogenes, 
tumor suppressor genes has dominated basic science research 
of  tumorigenesis. Evaluation of  these genes and their protein 
products may provide new prognostic markers, with p53 and 
Ki‑67 gaining special attention.[5]

In some studies, the incidence of  p53 has been associated 
with higher grades of  prostatic tumors and worse prognosis 
of  the disease.[6] Although another studies revealed different 
results, nuclear staining for p53 was positive in at least a 
subset of  prostatic cancers and there is still a discrepancy in 
the frequency of  p53 mutations in carcinoma prostate and on 
its prognostic role.[4,7] Ki‑67 index is higher in carcinoma than 
hyperplasia and still higher in metastatic than nonmetastatic 
cases, thus an increased Ki‑67 index may indicate a poor 
prognosis of  disease.[4] However, its role as an independent 
prognostic marker among patients with prostate carcinoma 
is still controversial.

Considering the proven correlation between Gleason’s 
grading and prognosis of  prostate cancer, along with 
proposing of  p53 (tumor suppressor protein) and Ki‑67 
(cell proliferation marker) as prognostic factors; this study 
was performed to study the frequency of  these markers 
expression in prostatic cancer and their probable relation 
with Gleason’s grading.

MATERIALS AND METHODS

Case selection
The present study was conducted in Department of  
Pathology Pt. B.D. Sharma Post Graduate Institute of  
Medical Sciences, Rohtak during the period from 2011 to 
2014. In this prospective study, a total of  60 cases including 
50 cases of  prostate carcinoma and 10 of  benign nodular 
hyperplasia were taken. The tissue samples obtained during 
transurethral electro resection, enucleation or needle biopsies 
were considered. Inadequate biopsies and cases with marked 
inflammation were excluded. Brief  clinical data were noted 
from case records, which included age, presenting symptoms, 
per rectal and ultrasound findings, serum PSA levels and 
clinical diagnosis.

Morphological evaluation
Prostate fragments were fixed in 10% formalin, paraffin‑ 
embedded, sectioned and standard H and E stained 
sections were studied under light microscope and classified 
into benign and malignant lesions. Carcinoma cases were 
histologically graded according to Gleason’s grading 
system, and Gleason’s score was noted (well differentiated 
2–4, Moderately differentiated 5–7, poorly differentiated 
8–10).[8,9] Associated prostatic tissue changes like tumor 
invasion, prostatic intraepithelial neoplasia (PIN), prostatitis 
and others if  any, were also analyzed. Special stains like van 
Gieson, Periodic acid‑Schiff, Masson’s trichrome and reticulin 
were employed whenever required for histopathological 
diagnosis.

Immunohistochemical analysis
Immunohistochemical (IHC) profile of  the tumor was assessed 
by subjecting one section each from a representative block to 
p53 and Ki‑67 immunostain. IHC was performed on 4 µm 
thick sections from 10% formalin‑fixed paraffin‑embedded 
specimens,  according to the streptoavidin‑biotin 
immunoperoxidase technique (Dako‑cytomation). Multiple 
slides were evaluated, and ideal section was used IHC staining. 
Positive and negative control were run simultaneously. Strong 
brown nuclear immunoreactivity was considered as positive 
staining.

The immunoquantification was performed using percentage 
of  tumor cells that react with the antibody. Each slide was 
evaluated at × 40 magnification in order to find areas with 
maximum positive cells. Then these areas were examined 
at × 400 magnification and the percentage of  positive cells 
to total cells was calculated. At least 500 cells were counted, 
and only the cells that were definitely positive for the desired 
marker were considered.

A semiquantitative scoring system was employed to assess the 
level of  p53 reactivity: 0 ‑ was assigned when no staining was 
observed, 1 ‑ when <10% of  tumor cell nuclei were reactive, 
2 ‑ when more than 10%, but <33% of  the nuclei stained, and 
3 ‑ if  more than 33% of  nuclei were positive.[10]

The tumors were divided into five groups regarding the 
percentage of  Ki‑67 positive cells. Cases in which the percentage 
of  stained cells was ≤2% were considered negative. Cases with 
Ki-67 index of  ≤25% were considered 1+, 26–50% as 2+, 
51–75% as 3+ and 76–100% as 4+.[4]

Statistical analysis
The results of  the study were statistically analyzed using the 
Statistical Package for the Social Sciences (SPSS) version 20 
(IBM Corp. SPSS statistics, in Armonk NY) for windows. 
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Data were expressed as mean ± SD for quantitative variables, 
numbers, and percentage. Comparison between multiple groups 
was made using student t‑test, Chi‑square test and Anova test 
whichever was appropriate. The correlation between Gleason’s 
grade and IHC expression was analyzed using the Spearman’s 
correlation test with an accompanying P value. A value of 
P < 0.05 was taken as significant and P < 0.01 was taken as 
highly significant.

RESULTS

A total of  60 cases were taken including 10 cases of  benign 
prostatic hyperplasia (BPH) and 50 cases of  carcinoma 
prostate. Patients of  BPH were in the age group of  35–85 years 
with a mean age of  63.30 ± 14.08 years. Patients of  carcinoma 
prostate were in the age group of  41–90 years with a mean age 
of  69.98 ± 44 years.

Carcinoma prostate patients were categorized according to 
Gleason’s score (combined Gleason’s grade). Gleason’s score 
of  6 was the commonest pattern observed in 14 (28%) cases, 
followed by Gleason’s score of 7 in 13 (26%) cases and Gleason’s 
score of  8 in 10 (20%) cases. Gleason’s score of  4, 5, 9 were 
seen in 4 (8%) cases each and Gleason’s score of  10 was seen 
in only one (2%) case. In our study, Gleason’s score of  4 was 
observed as the minimum Gleason’s score as needle biopsy was the 
predominant surgical specimen. Based on tumor differentiation 
4 cases (8%) were well differentiated with a score of  2–4 while 
31 (62%) were moderately differentiated with a score of 5–7 and 
15 cases (30%) were poorly differentiated with a score of  8–10.

p53 immunoreactivity
In BPH, p53 was expressed in only 2 of  10 (20%) cases while 
in carcinoma it was expressed in 38 of  50 (76%) cases. There 
was statistically significant difference in expression of  p53 
between cases of  BPH and carcinoma prostate, indicated by 
P value of  0.001.

In prostatic carcinoma, three out of 4 (75%) well‑ differentiated 
tumors showed absence of positivity while 1 (25%) case showed 
grade 1 positivity [Figure 1a]. Eight of 31 (25.81%) moderately 
differentiated tumors revealed absence of  positivity while 
23 cases (74.19%) revealed strong nuclear positivity, including 
13 (41.94%) cases with grade 3 positivity [Figure 2a], followed 
by 6 (19.35%) cases with grade 2 positivity and 4 (12.90%) 
cases with grade 1 positivity. Fourteen out of  15 (93.33%) 
poorly differentiated tumors revealed strong nuclear positivity, 
including 7 (46.67%) cases with grade 3 positivity [Figure 3a], 
followed by 4 (26.66%) cases with grade 2 positivity and 
3 (20%) case with grade 1 positivity. Only one (6.67%) 
case among poorly differentiated tumors showed absence of  
positivity [Table 1].

As a result, statistically significant correlation was observed 
between p53 expression and Gleason’s grade of  prostatic 
carcinoma, indicated by P value of  0.038.

Ki‑67 immunoreactivity
Ki‑67 was expressed in only 1 of  10 (10%) BPH cases while in 
carcinoma it was expressed in 32 of  50 (64%) cases. There was 
statistically significant difference in expression of Ki‑67 between 
BPH and carcinoma prostate, indicated by P value of  0.003.

Figure 1: (a) Well differentiated prostatic carcinoma showing p53 
positivity (grade 1) (immunohistochemical [IHC], ×200) and (b) absence 
of Ki‑67 expression (IHC, ×200)

ba

Figure 2: Moderately differentiated prostatic carcinoma showing 
p53 positivity (grade 3) (immunohistochemical [IHC], ×200) (b) Ki‑67 
positivity (index 3+) (IHC, ×200)

ba

Figure 3: Poorly differentiated prostatic carcinoma showing p53 
positivity (grade 3) (immunohistochemical [IHC], ×200) and (b) Ki‑67 
positivity (index 3+) (IHC, ×200)

ba
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Ki‑67 expression was negative (index <2%) in all 4 (100%) 
well differentiated tumors [Figure 1b]. Twelve out of  
31 (38.71%) moderately differentiated tumors were 
negative while 19 (61.29%) cases were positive, including 
10 (32.26%) cases with 1+ positivity followed by 
8 (25.81%) cases with 2+ positivity and only 1 (3.22%) 
case showed 3+ positivity [Figure 2b]. Thirteen out of  
15 (86.67%) poorly differentiated tumors were positive, 
including 5 (33.33%) cases each with 1+ and 2+ positivity, 
followed by 3 (20%) cases with 3+ positivity [Figure 3b] 
and only 2 (13.33%) cases were negative. No case showed 
4+ positivity [Table 2].

Consequently, a statistically significant correlation was 
observed between Ki‑67 positivity and Gleason’s grade of  
prostatic carcinoma, indicated by P value of  0.002.

Among 10 cases of  BPH, 2 cases (20%) revealed positive p53 
expression, of  which one showed grade 1 positivity and other 
showed grade 3 positivity. For Ki‑67, 1 case (10%) showed 
2+ positivity.

In addition, Low‑grade PIN was seen associated with 
one case of  BPH, which showed grade 3 positivity 
with p53 and 2+ positivity with Ki-67. Two cases of  
high‑grade PIN (HGPIN) were seen associated with 
moderately differentiated carcinoma. Among two cases of  
HGPIN, one showed grade 3 positivity, and other showed 
grade 1 positivity with p53 while 2+ and negative expression 
with Ki‑67 respectively.

DISCUSSION

In the present study, p53 expression was significantly 
up‑regulated in prostatic carcinoma (76%) as compared with 
benign prostatic tissue (20%), (P = 0.001). These findings are 
in agreement with Jiang et al.[11] in which positive staining rates 
of  p53 protein were 51.1% and 10% respectively in patients 
with carcinoma and BPH (P < 0.05), whereas Sasor et al.[12] 
and Petrescu et al.[10] revealed lack of  p53 immunoreactivity 
in BPH.

We observed 2 cases (3.33%) of  HGPIN associated with 
prostatic carcinoma, which revealed grade 3 and grade 1 
positivity each for p53 immunostain. Petrescu et al.[10] also 
observed occasional p53 reactivity in HGPIN cells adjacent 
to areas harboring tumor. They suggested that the presence 
of  p53 overexpression in PIN tissue raises the question as 
to whether the occurrence of  p53 mutations in prostatic 
carcinoma is an early event. With the passage of  time, some 
of  these basal cells might sustain further somatic mutations 
that allow progression to malignancy, whereas Sasor et al.[12] 
observed no immunopositivity of  p53 protein in this group 
considering p53 immunoreactivity as a rare and late event in 
prostate cancer. These findings need to be evaluated further 
since number of  cases with PIN were too small to be conclusive.

In our study, 38 of  50 (76%) cases of  carcinoma revealed 
strong nuclear positivity with p53 immunostain. There 
have been widely ranging reports of  the incidence of  p53 
immunoexpression ranging from 4% to 79%.[13,14] Most of  
the variations are attributed to methodological differences in 
tissue sampling, scoring, and the antibody clone used.

In present study, 1 of  4 (25%) well differentiated, 23 of  
31 (74.19%) moderately differentiated and 14 of 15 (93.33%) 
poorly differentiated tumors revealed p53 immunopositivity 
and a statistically significant correlation was observed between 
p53 expression and increased Gleason’s grade (P = 0.038). This 
is in concordance with many studies .[8,11,15,16] Concluding it as an 
important independent prognostic factor, inversely associated 
with patient survival. However, in few studies,[4,12] p53 though 
found to be elevated in prostatic carcinoma but no significant 
correlation was found with Gleason’s grade. This can be justified 
by the fact that not all cases of  p53 positive patients are detected 
by IHC staining methods. Indeed, formalin fixation reduces 
expression of  p53.

Ki‑67 expression was also significantly up‑regulated in prostate 
cancer (64%) as compared with BPH (10%), (P = 0.003). This 
finding is in agreement with Nikoleishvili et al.[17] and Rashed 
et al.[18] who also found that this marker is highly expressed 

Table 1: Frequency of the p53 expression in relation to tumor 
differentiation and Gleason’s grade
p53 
expression 
(%)

Gleason’s grade (%) Total
Well‑ 

differentiated 
tumors

Moderately 
differentiated 

tumors

Poorly 
differentiated 

tumors

0 (0) 3 (75) 8 (25.81) 1 (6.67) 12
1 (<10) 1 (25) 4 (12.90) 3 (20) 8
2 (10–33) 0 6 (19.35) 4 (26.66) 10
3 (>33) 0 13 (41.94) 7 (46.67) 20
Total 4 (100) 31 (100) 15 (100) 50

Table 2: Frequency of the Ki‑67 labeling index in relation to 
tumor differentiation and Gleason’s grade
Ki‑67 
labeling 
index (%)

Gleason’s grade (%) Total
Well‑ 

differentiated 
tumors

Moderately 
differentiated 

tumors

Poorly 
differentiated 

tumors

Negative (<2) 4 (100) 12 (38.71) 2 (13.33) 18
1+ (≤25) 0 10 (32.26) 5 (33.33) 15
2+ (26–50) 0 8 (25.81) 5 (33.33) 13
3+ (51–75) 0 1 (3.22) 3 (20) 4
4+ (76–100) 0 0 0 0
Total 4 (100) 31 (100) 15 (100) 50
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in prostate cancer as compared with BPH, (P = 0.019) 
and (P = 0.023) respectively. Among two cases of  HGPIN, 
one showed 2 + positivity, and other was negative for Ki-67 
immunostain. Similar changes were observed by Sasor et al.[12] 
in which only 3 out of  10 HGPIN exhibited Ki‑67 positivity.

In the study by Madani et al.,[4] Ki‑67 was negative in 
all 3 (100%) well‑differentiated tumors. Totally, 13 of  
21 (61.90%) moderately differentiated tumors and 22 of  
25 (88%) poorly differentiated tumors were positive for Ki‑67. 
In our study also, all 4 (100%) cases of  well‑differentiated 
carcinoma were negative for Ki‑67 expression. Totally, 19 of  
31 (61.29%) moderately differentiated and 13 of 15 (86.66%) 
poorly differentiated tumors were positive for Ki‑67. Similar 
changes were observed by Rashed et al.[18] These observations 
indicate that greatest proliferative indices are noted in poorly 
differentiated tumors concluding that Ki‑67 index increases in 
aggressive and high‑grade prostatic carcinoma.

The present study revealed a statistically significant correlation 
between Ki‑67 positivity and increased Gleason’s grade 
(P = 0.002) and this is in concordance with studies by Feneley 
et al.[19] (P < 0.001), Madani et al.[4] (P = 0.001) and Rashed 
et al.[18] (P = 0.02) which concluded that Ki‑67 can be used as 
prognostic factor for prostate cancer, whereas Thompson et al.[20] 
found Ki‑67 expression to be elevated in cancer as compared 
to BPH, but no significant correlation was observed between 
tumor grade and Ki‑67 staining, but still concluded that Ki‑67 
staining may allow identification of  tumors with a high rate of  
cell growth and may present development of  prognostic factor.

Further, the Ki‑67 score in cancers positive for p53 was greater 
than that found in cancers negative for p53, and a statistically 
significant correlation was observed between p53 and Ki‑67 
expression, (P < 0.05). Our findings are similar to that observed 
by Kim et al.[21] and Thompson et al.,[20] whereas Sasor et al.[12] 
observed a significant positive correlation between expression of  
Ki‑67 and p53 protein, only in low‑grade prostatic carcinoma.

CONCLUSION

From the present study, it can be concluded that frequency 
of  expression of  both p53, a tumor suppressor protein, and 
Ki‑67, a cell proliferation marker is significantly up‑regulated 
in malignant lesions as compared to benign lesions.

Since most cases of prostate cancer are diagnosed microscopically 
before metastatic spread and among these, few cases have rapid 
and life‑threatening outcome. Therefore, if  indolent versus 
aggressive forms of  prostate cancer can be differentiated from 
each other, we can help patients remarkably. In the current 
study, p53 and Ki‑67 markers were shown to have a strong 

relationship with increased Gleason’s grade, which has an 
important relationship with the prognosis of  prostate cancer. 
Therefore, we propose that these markers can be applied along 
with other prostate cancer prognostic factors. However, further 
studies on larger samples are required to elucidate their role in 
the identification of  premalignant lesions.

It is likely that p53 and Ki‑67 positive tumors detected at 
biopsy display aggressive biologic features, hence these might 
be an independent prognostic indicators among metastatic risk 
cases. Further prospective clinical studies including long‑term 
follow‑up and molecular genetic analysis need to be undertaken 
to understand the biology of  these IHC markers and to 
assess their prognostic significance in patients with prostate 
carcinoma.
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